Soft systems methodology provides a structured and systematic approach for analysing human activity systems such as the institution of education
Introduction
Soft systems approach is a particularly productive methodology for studying any organized human activity existing to pursue a given purpose or purposes. A set of such purposeful human activities can be termed a system, in which the various activities are interrelated. Soft systems methodology (SSM) refers to such a set of activities as a human activity system. Soft systems approach has been applied to education at the level of secondary schooling, but it was to test the hypothesis that headmasters are more managers of resources than they are head teachers [1, pp. 132-41] . SSM can also be used for self-analysis of teaching and learning methods used by a lecturer in higher education. It can be used to conduct a self-audit of the teaching and learning strategies used to deliver academic subjects to students. Thus, SSM is particularly good, because of the intellectual activity it involves of conceptual modelling, as a tool for self-analysis for the reflective practitioner in higher education. The purpose of this article for the author is to gain a deeper understanding of the process of teaching and learning at undergraduate education, such that appropriate action can be taken to improve that process.
Consequently, this article will analyse the real world process of teaching and learning by applying SSM to this area and to define this process conceptually in terms of a human activity system. The analysis is based purely on the author's academic and experiential knowledge of the process, and is undertaken to gain an insight into the process of teaching and learning with a view to improve it.
There is more than one soft systems methodology available from which the most suitable can be chosen to conduct a self-analysis or audit [1, pp. 132-41] . The methodology adopted here for analysing the process of teaching and learning is the seven-stage Checkland Methodology [1, p. 68] . This is shown diagrammatically in Figure 1 .
A brief statement about SSM Soft systems methodology had been developed by engineers and technologists at Lancaster University for solving problems concerned with efficiency and effectiveness which involved the use of highly complex modern technologies in human organizations [2] . However, its range of application is not restricted to technologically-based organizations because of its emphasis on human activity systems. SSM is potentially able to address all areas of purposeful human activity. From such organized, purposeful human activity a continuum of problems arises. At one end, the problem can be formulated precisely and a commensureate solution sought. Such problems are known as "hard" problems. At the other end of the continuum, the "problem" cannot be formulated and stated precisely, in fact, often the "problem" is simply an area of concern requiring attention. This type of problem is known as a "soft" problem. Therefore, the methodology is able to focus on "soft" problems which cannot be formulated precisely in the first instance. In addition, the methodology is unique because it enables the analyst to embark on a process of learning about the real world situation being investigated, while simultaneously seeking to improve it by analysing the situation within the paradigm of soft systems thinking and suggesting recommendations for further action to improve the problem situation.
A fundamental concept incorporated in SSM is that of wholeness of a system. The concept has been borrowed from the field of biology, where biologists are concerned with studying an organism as a whole entity. SSM views the defined human activity systems under investigation as more than just the sum of its parts, and requires the analyst to take a holistic approach.
A second central concept in SSM is that of hierarchy. A given soft problem, or real world area of concern can be viewed at different levels of resolution, with each level being defined by the emergent property of the system at that particular level. The notions of hierarchy and emergent properties arise in and are fundamental to the logical world of conceptual modelling [3] .
Closely related to these notions of hierarchy and emergent properties are those of communication and control. SSM defines a system as a set of entities related to each other and pursuing given purposeful activity or activities. Consequently, communication between the related entities is important in order to ensure they are all working towards the stated purpose or purposes. The achievement of the stated purpose is further regulated explicitly by the inclusion of a controlling activity in the conceptual model. The aim of this activity is to monitor relevant activities and compare them with predetermined performance criteria, and to take appropriate control action when the activities deviate from the required criteria such as to ensure the achievement of the stated purpose or purposes.
Applying SSM to the process of teaching and learning
An area of the real world of immediate importance for the author is that of satisfying the learning needs of undergraduate students. The importance of SSM cannot be overstated for a reflective practitioner. The methodology is simple to use, requiring no elaborate tools except pen and paper, and yet it is quite comprehensive and incisive in its ability to identify problem areas (for instance, lack of information flows) and to generate recommendations for improving the expressed problem area. While it is not unreasonable to suppose that students' major aim is to achieve the highest possible degree classification, it is equally relevant to suppose they also want to be able to enjoy the learning process they have to undertake to achieve their aims. Thus in this broad sense, their learning needs are twofold. One of the many purposes of university activities is to ensure these learning needs are satisfied and, for lecturers, it remains a perennial issue as to how this might be best achieved.
This issue could not be formulated by the practitioner in terms of a definite hard problem leading to a feasible solid solution. The process of teaching and learning is variable from one day to another, depending as it does on the topic being taught, students' attitudes or the lecturers' mood, and teaching methods adopted among many other variables. Rather than stating this real world scenario as a hard problem or even a soft problem, it is permissible in SSM to refer to it as an area of concern which requires the reflective analysts' attention. Apart from this license, it seems appropriate to refer to the process of teaching and learning as an area of concern not because it is significantly deficient in some sense, but rather because it allows us to continually focus our attention on improving it.
Therefore, it was thought beneficial to apply the philosophy and thinking of SSM to this area of concern, to determine whether the practitioners' hitherto unrecognized activities to satisfy students' learning needs could be identified and whether the organization of these new activities and existing ones could be improved, resulting in an efficient and effective teaching and learning process.
The process of teaching and learning is a highly complex real world situation [4] . It acquires a new dimension when conducted at undergraduate university level, primarily because the recipients of the learning, the new undergraduates, have to replace their familiar learning paradigm acquired throughout their secondary schooling with a new one, quite different from that, which they had been using. Whereas at secondary level education their learning was conducted within a constricted and tightly regulated environment, at undergraduate level where there is more liberty, they are given more freedom to determine their own learning environment and to interact freely with their tutors. Furthermore, while the undergraduates are progressing through their course of study subject by subject and year by year, they will be making adjustments to their process of learning as it is influenced by different lecturers' styles of teaching.
Using the SSM notion of hierarchy of systems explained earlier, the relevant system identified within the university for conducting this process is the medium of lecturing. (This includes the corollary of seminars in which discussions are conducted to provide deeper understanding of topics covered in lectures.) The lecture is the first activity encountered by students in their formal process of learning at a university. Therefore it is important that this activity should be completed well and to students' satisfaction.
It is precisely because of this activity, that SSM was selected for application to this area of concern. The analysis will enable us to assess whether the methodology is able to reveal hitherto unrecognized flaws in the existing process of teaching and learning for the reflective practitioner. Moreover, if such flaws are discovered, the methodology enables the reflective analyst to make recommendations and take action to improve the process.
A rich picture
The starting point in SSM for an analysis of a given real world area of concern is the drawing of a rich picture. Usually the non-reflective analyst (in areas other than educational teaching) is divorced from the area of concern being examined and has to use interviews and existing documents to form an impression of the area. The knowledge gained by doing this is used by the nonreflective analyst to draw rich pictures. A rich picture contains both appropriate symbols for real world activities and words, and is an attempt to express the area of concern. The process of teaching and learning in the real world is unstructured from the reflective analysts' point of view, but by drawing a rich picture of it, the area of concern becomes expressed to enable subsequent structuring.
As SSM is being used by the reflective practitioner, there is no scope for interviewing to gain an understanding of the area. The reflective practitioner has to gain this understanding from reflection. There are basically two components of a rich picture. In drawing the rich picture for our area of concern elements of structure in the real world have to be included, thus structure is the first component. Such elements would be the type of activities, the physical layout of the lecture and seminar rooms and boundaries. The second component concerns the processes occurring in the area of concern. Elements to be included here basically answer the question, "What is going on?" Such elements could be teaching and learning, among others, and "the relationship between the structure and process represents the climate of the situation".
A rich picture of the process of teaching and learning in a lecture environment is shown in Figure 2 . The picture has a boundary within which the activities pertaining to the process of teaching and learning take place. Use is made of both symbols and words in compiling the picture and arrows show relationships. The purpose of the picture is to provide an easily absorbable summary of the area of concern. In contrast, a prose transcription of the same picture would be voluminous and difficult to absorb.
The picture contains a symbol for an eye, indicating that someone is observing the activities in the system. Beside this symbol is a "thinking" stick person and the name of the organizational entity it represents. Another symbol is that of a clock, which indicates that time is important in this process. Some teaching and learning resources are shown too -an overhead projector, handouts and a white board, among others. Students are depicted as stick people expressing their particular concerns.
Root definitions
The next step in the methodology is to derive a root definition from the rich picture drawn. The rich picture provides the basis from which a root definition of a particular system could be derived. A root definition clarifies two aspects of the area of concern for further analysis: first is the identification of the "soft" problem or basically, what requires to be addressed and, second, it identifies the system in which the subsequent analysis will be done -which human activity system is of concern. Although it is not necessary to draw a rich picture to formulate a root definition, in this case it was thought useful to do so, because it enables the analyst to focus the area of concern. The formulation of a root definition indicates that the expressed unstructured area of concern has been structured to enable further systemic analysis. It is the root definition which adds structure to the area of concern.
It is possible to derive more than one root definition for a particular area of concern depending on the particular weltanshauung being investigated. A weltanshauung is a special perspective an actor or participant in the human activity system has on a given reality. Logically it is possible to derive as many root definitions as there are particular weltanshauungs or actors. Two root definitions have been formulated in the case of the process of teaching and learning to demonstrate such derivations. First, the two root definitions will be presented and then their respective components will be analysed with reference to the CATWOE acronym categories.
Root definition 1 (RD1)
A lecturer owned system, jointly operated by the lecturer and students with the available teaching and learning resources to ensure that students pass or achieve higher marks in assignments and examinations to a realistic ceiling, being the joint aim of the lecturer and students, subject to the requirements and constraints of the University of Luton.
Root definition 2 (RD2)
A lecturer and students' jointly owned and operated system with the available teaching and learning resources to ensure that students learn relevant knowledge which is worth learning for their vocational and educational benefit while enjoying the process of learning by delivering lectures subject to the various constraints of time, learning and absorption rates of students, limitations of the room and other teaching and learning resources, meeting both the required quality standards expected by the University of Luton and the lecturer's performance measurement criteria relevant to the system. assumptions are being "made, and in what environment is this happening?" [5] . It is not a requisite in SSM to specify the customers and actors of a system in a root definition, but the remainder of the CATWOE categories have to be specified.
CATWOE
The two root definitions presented can be analysed in terms of CATWOE, in which the two most important components are the transformation and the weltanshauung. In RD1 the transformation is: "to ensure that students pass or achieve higher marks in assignments and examinations to a realistic ceiling". A transformation requiring precise input(s) and the precise expected resultant form of the input(s) as an output(s). For the current area of concern, the inputs are not yet passed students, and the outputs are passed students or students with higher marks.
The weltanshauung in RD1 is "the joint aim of lecturer and students". The major characteristic which distinguishes one root definition from another is the weltanshauung component. The various actors in the real world area of concern have mental constructs which they use to form opinions about the process of teaching and learning. These opinions provide the actors with varying perspectives on the process. The reflective analyst using SSM is able to take as many perspectives as thought necessary to derive root definitions in order to understand and improve the real world area of concern. The customers are students, and the actors are the lecturer and students. The owner of the system is the lecturer, although there is no restriction to having a single owner of the system [6] . The environmental constraints are those imposed by the University of Luton. Given RD1, it is possible to proceed to develop a conceptual model of the process of teaching and learning. However, that will not be done for this particular root definition. Instead, RD2 will be examined in terms of CATWOE and subsequently its conceptual model will be presented. The transformation in RD2 is "to ensure that students learn relevant knowledge". The input for this transformation is relevant knowledge to be learned and the output is learned relevant knowledge. This is illustrated in Figure 3 in terms of the input and output of the system. The figure shows the bounded system containing the various interrelated human activities described in oblong shapes. These activities transform the input into this system, that is, relevant knowledge to be learned, and produce an output, which is, learned relevant knowledge.
The weltanshauung in RD2 is "knowledge worth learning will be of vocational and educational benefit for students and will be enjoyable to learn". This weltanshauung is quite different from the one in RD1. Whereas RD1 emphasizes the level of achievement by students, in RD2 the weltanshauung is concerned with providing worthwhile knowledge which will give students a good education and be of practical use in their vocations. In addition, the weltanshauung in RD2 stresses the importance of enjoyment of the process of teaching and learning by the students.
The customers have been specified as students, and the actors in the system and the owners of it are the lecturer and students. There is a more detailed specification of the constraints in this root definition. These are: time available for delivering the lectures; the learning and absorption rates of students; the physical environment in which the teaching and learning will take place; the limitations on the teaching and learning resources available; meeting the required standards of quality set by the University of Luton and finally, meeting the lecturer's performance criteria relevant to this system. RD2 will now be used to present a conceptual model of the real world process of teaching and learning.
Modelling
The process of modelling in SSM requires the analyst to step away from the real world area of concern. The analyst is required to focus on the root definition and derive the minimum necessary activities which will achieve the purpose(s) of the defined system. At this stage in SSM, the intellectual activity of logical argument is used to derive relevant activities in the human activity system, which are known as a conceptual model. These activities will take place within the bounds of the defined system.
A conceptual model derived from RD2 is presented in Figure 4 . The model contains 13 activities. These activities are at their top most level, that is, in terms of hierarchy in SSM these activities reveal the most general resolution of the area of concern. They are the minimum necessary activities at this level to achieve the stated aim of the system defined in RD2. The arrow emanating from one activity and pointing to another, indicates that the second activity is logically dependent on the first activity having been completed.
The various activities in the system are not discrete events, on the contrary they are being continually performed. Knowing about the available teaching and learning resources is not done once in an academic year, rather it is a continual ongoing activity. Similarly, assessing what constitutes relevant knowledge is an ongoing process. However, both of these activities can only be performed if they are recognized and included in the system as formal requirements.
Controlling the system
The activity of controlling the system's performance has been included in three places. This controlling activity is required to ensure that the stated aims of the defined system will be adhered to. A prerequisite of controlling is monitoring. In order for the system to meet the quality standards of the University of Luton, it must monitor the relevant activities to provide information to assess the situation and, if required, take appropriate control action. This control action is shown as a crooked arrow, which means the control action (CA) can apply to any of the activities in the system. The gathering of information relevant to the monitoring and controlling action is shown as a broad arrow pointing to the activity and detailing the type of information flowing into the controlling sub-system.
The second monitoring and controlling activity in the system is concerned with measuring the performance of the lecturer. The broad arrow coming into this subsystem indicates that there is information flowing in about the lecturer's performance in the system. If the performance of the lecturer is less than required, as measured against some predetermined standard, then appropriate control action can be taken.
The third controlling sub-system is concerned with ensuring that students learn relevant knowledge, enjoy the process of teaching and learning and that it is beneficial for them. Information regarding students perceptions is required to complete this activity. This is shown as a broad arrow coming into the sub-system from relevant activities in the defined system. In particular, from the activity which assesses students' enjoyment of the process, which is shown as an arrow from the assessing activity to the monitoring and controlling activity, making the latter logically dependent on the former.
The decision makers
The appropriate control action in the controlling activity is taken by the decision taker responsible for the system, who is usually the owner of the system. In the case of the process of teaching and learning system, there is joint ownership, comprising of the lecturer and students. In the wider system, the decision taker is different, for the ownership in this wider system is not the same. The ownership of this wider system belongs to the head of school. This is illustrated in Figure 5 . 
Increasing the resolution of the conceptual model
The human activity system stated in the conceptual model (CM2) for the process of teaching and learning can be enhanced to provide more detail. This has been done in Figure 6 . Each of the activities in CM2, known as level 0, can be expanded. The expansion will be a sub-system at level 1 resolution. For instance, the activity concerned with knowing about the available teaching and learning resources at level 0 has been expanded into five new activities at level 1 in CM2a. These activities form a subsystem in the defined system.
This conceptual model at level 1 resolution details 27 activities compared with the 13 at level 0. These are the minimum necessary activities in their detailed form which must be undertaken to ensure the defined system achieves its stated purpose(s).
The activity in CM2, "know about the available teaching and learning resources", as stated, has been expanded to include new emergent properties of the system. This activity entails five activities to be completed. Knowing about the available teaching and learning resources therefore requires determining what are the available reprographics services and knowing about the resources available from the computer services. Once these are known, a selection has to be made and those resources selected need to be used.
The decision-taking function in a given system can be allocated to a single person or a group. Given the weltanshauung adopted in RD2 and the consequent conceptual model of the defined process of teaching and learning system, the decision-taking responsibility is allocated to a group. The group in this system consists of the lecturer and students.
Comparison with the real world
Once the conceptual model has been completed, it can be compared with the real world process of teaching and learning. This comparison is between the real world, where the area of concern exists, and the systems world, where the root definitions and conceptual models have been built. The comparison is done activity by activity and is usually well presented in a tabular form. Table I shows the comparison for the process of teaching and learning system. stated in the third column. The fourth column seeks to gather information on how the activity is currently measured to determine whether it meets certain performance criteria. The fifth column lists incremental changes thought by the analyst to be necessary to improve the present and new activities in the area of concern.
Intervening in the real world Soft systems methodology permits the analyst to examine the real world area of concern through the relative safety of intellectualizing in the systems world. However, if that is all it did, the methodology would not gain much credibility. It permits the analyst to compare the conceptual model with real world activities, and on the basis of this comparison to make recommendations to improve the area of concern. Hence the fifth column in Table I is concerned with the intervention in the real world process of teaching and learning which is thought to be necessary to improve it. Such recommended intervention is not absolute, rather it is regarded as incremental because the area of concern cannot be improved instantly.
The comparison of the conceptual model with the real world area of concern has revealed an hitherto unrecognized issue concerning the activity of knowing about the available teaching and learning resources. (This is shown in row one of Table I .) When this activity was compared with the real world, it was found that no formal procedures existed to provide such information which is reflected in the comments column of Table I . Given that information about the available teaching and learning resources is haphazard and informally gathered, the comparison of the conceptual model with the real world permits the analyst to make a recommendation to involve an appropriate activity which will improve the area of concern. This is done in the fifth column of Table I , where it is recommended that formal procedures should be established which will provide a consistent flow of relevant information. The remaining 15 recommendations were similarly obtained. All the activities in the conceptual model CM2a were thus analysed and are presented in Table I .
Consequently, to improve the process of teaching and learning for the particular system defined in RD2, there are 15 recommendations which require intervening in the actual process in the real world. It is now incumbent on the system decision takers to take appropriate action to improve the area of concern.
Discussion
It was indeed informative to examine the process of teaching and learning using soft systems approach. As a result of this analysis, not only were 15 recommendations forthcoming for improving the existing process, but it was worthwhile doing, because of the learning about the real world area of concern obtained. Unlike other methodologies for conducting systems analysis, soft systems actually leads the reflective practitioner analyst on a learning process.
The construction of the rich picture was instructive because it gathered all the relevant entities together in one area. Moreover, it is easier to absorb information in the form of a picture than it is in prose form. If the same information were presented in prose, apart from it being voluminous, it would be difficult to assimilate and retain. The picture also provided an overview of the area of concern.
The flexibility SSM provides in deriving various root definitions is advantageous for gaining an understanding of the area of concern, as it permits an examination of the various perspectives people have. A feature of SSM related to that, is that various conceptual models can also be built and compared with the real world area of concern. By developing various root definitions and conceptual models, the perspectives of lecturers, students, managers or service providers can be examined to gain a deeper understanding of the process of teaching and learning. The process of conceptual modelling is easy to do and not very time consuming. Therefore, despite there being limitations of time on the reflective analyst, it is possible to gain a deeper understanding of the real world by compiling more than one root definition and conceptual model. If many conceptual models are not required then root definitions can be formulated but not their consequent conceptual models to provide an understanding of actors' weltanshauungs.
The stage of conceptual modelling is a valuable intellectual exercise. It enables clarification to take place of what needs to be done to achieve certain objectives (purposes), which is not always possible in other forms of problem resolution because of their emphasis on determining "how" to achieve the results. Indeed, in the pressurized environment of the real world situation, often getting the thing done is more important than stopping to think exactly "what" is being done and why.
Another critical aspect of this exercise concerns sequencing of activities. Not only does SSM enable the identification of what activities are relevant for achieving a purpose, it also enables these activities to be sequenced in logistical order. Quite often in the real world some critical activities are neglected and done in retrospect. It is only later that the logical connections between these activities are realized, but this is of no use then. In SSM, the sequencing of activities in the conceptual model is based on their logical dependencies. It is worth knowing what these logical dependencies are to help in improving the real world area of concern.
